The electrochemical behavior of lansoprazole (LNS) was investigated at a glassy carbon electrode (GCE) and the GCE modified by a gel containing multiwalled carbon nanotubes (MWCNTs) and a room-temperature ionic liquid (RTIL) of 1-butyl-3-methylimidazolium hexafluorophosphate (BMIMPF 6 ) in 0.10 M phosphate buffer solution of pH 6.8. It was found that an irreversible anodic oxidation peak with an E pa of 1.060 V SCE appeared at the MWCNTs--RTIL/GCE. Under the optimized experimental conditions a linear calibration curve was obtained over the concentration range from 5.0 μM to 0.20 mM by differential pulse voltammetry with a limit of detection (LOD, S/N = 3) of 0.28 μM. In addition, the novel MWCNTs-RTIL/GCE was also characterized by electrochemical impedance spectroscopy and the proposed method was successfully applied in the quantitative electrochemical determination of LNS content in commercial tablet samples. The determination results met the determination requirements.
INTRODUCTION
Lansoprazole (LNS, chemically known as (R/S)-2-{[3-methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-yl]methylsulfinyl}-1H-benzo [d] imidazole, is a benzimidazole derivative (tradename Takepron ® ), the structure of which is shown in Fig.  1 , which is related to omeprazole. LNS is a permanent, potent and non-reversible proton pump inhibitor that suppresses gastric acid secretion through an interaction with (H + /K + )-adenosine triphosphatase (ATPase) in the secretary membranes of the gastric parietal cells. 1 LNS is effective in the treatment of various peptic diseases, including duodenal ulcers, peptic ulcer, reflux esophagitis and Carbon nanotubes (CNTs), discovered by Lijima 31 in 1991 using transmission electron microscopy, have a special structure, and mechanical, electronic and chemical properties, 32, 33 for which reasons they are widely applied in chemical, physical and materials science. When used as electrode-modifying materials, CNTs have the ability to promote charge-transfer reactions. [34] [35] [36] [37] [38] RTILs are compounds consisting entirely of ions that exist in the liquid state at around room temperature. 39, 40 They have good chemical and physical properties, such as good chemical and thermal stability, negligible vapor pressure, high conductivity, good biocompatibility, low toxicity and a wide electrochemical window. [41] [42] [43] [44] [45] [46] ing to the literature, 47 MWCNTs are untangled after treatment with RTILs, mainly because of cross-linking of the nanotube bundles mediated by local molecular ordering of the RTIL resulting from "cation-π" interactions between imidazolium and nanotubes. At the present, the research and application of MWCNTs--RTIL modifiers have been reported. According to the above facts, a combination of MWCNTs and an RTIL could be favorable for the fabrication of modified electrode. Such electrodes could be successfully applied in the electrocatalysis of bioelectrochemical reactions, the fabrication of biosensors and the detection of the various kinds of biomolecules. [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] As a continuation of previous work, 62-68 the use of MWCNTs and the ionic liquid BMIMPF 6 , based on their synergy to form a novel composite thin-film material at a GCE, is described herein for the electrochemical determination of LNS in commercial tablet form.
EXPERIMENTAL

Apparatus
All electrochemical experiments were carried out using an Electrochemistry Workstation CHI660A (CHI Instrument, USA). A personal computer was used for data storage and processing. The working electrodes used in voltammetry experiments were a CHI104 glassy carbon electrode with 3 mm diameter and glassy carbon electrode modified by MWCNTs and room temperature ionic liquid (RTIL-MWCNTs/GCE). A platinum wire and a saturated calomel electrode (SCE) served as the auxiliary and the reference electrodes, respectively. All potentials measured and reported in this work were versus SCE.
Reagents
Lansoprazole (Batch No. 4090401, Purity > 99 %), was from Kangya Pharmaceutical Ltd. (Ningxia Hui Autonomous Region, China) and used without further purification. Lansoprazole tablets (batch No. 080801; labeled value of 15 mg per tablet) were from ShengFan Pharmaceutics Ltd. (Henan province, China). 1-Butyl-3-methylimidazolium hexafluorophosphate (BMIMPF 6 , purity > 99 %) was obtained from Shanghai Chengjie Chemical Co. Ltd., China). The MWCNTs (provided by prof. Fei Wei, Chemical Engineering College of Tsinghua University, China) were functionalized to give carboxylic carbon nanotubes following a literature procedure. 69 Unless otherwise stated, a 0.10 M Na 2 HPO 4 -NaH 2 PO 4 buffer solution (PBS) of pH 6.8 was used as the supporting electrolyte. All other chemicals were of analytical grade and used as received. All solutions were prepared in doubly distilled water and thoroughly flushed with high purity nitrogen to remove oxygen from the solutions in the electrochemical cell. All experiments were performed at room temperature.
Fabrication of modified electrodes
Before the modification, a glassy carbon electrode was polished with 0.3 μm α-Al 2 O 3 slurry on the polishing micro-cloth, rinsed thoroughly with distilled water and ultrasonically successively in acetone and doubly distilled water for 10 min to remove any remaining polishing alumina. 0.50 mg mL -1 of homogeneous black suspension was prepared by dispersing 1 mg of functionalized MWCNTs into 2 mL of N,N-dimethyl formamide (DMF) /H 2 O (1:1) aqueous solution with the aid of ultrasonic stirring for 15 min, then 12 µL of the black MWCNTs suspension was dropped directly on GCE surface with a microsyringe and the solvent was evaporated under the infrared lamp to obtain MWCNTs/GC. 12 mg of MWCNTs _______________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ Copyright (C)2014 SCS mixed with 200 µL of BMIMPF 6 was ground for about 20 min in a mortar to give a viscous MWCNTs-RTIL gel, and then a proper amount of the gel was transferred on the cleaned electrode surface by mechanically rubbing, thus a MWCNTs-RTIL/GCE was fabricated.
The influence of the amount of the MWCNTs dispersion, from 1-15 µL, on the oxidation peak currents of LNS was examined by CV. On increasing the amount of the MWCNTs dispersion, the number of the catalytic sites for LNS oxidation increased, whereby the oxidation peak current increased gradually. When the amount of MWCNTs dispersion exceeded 15 µL, the cast film was thicker and blocked electron transfer. Due to uncompensated resistive effects or to a lowering of the charge transfer rate, the peak currents decreased. In addition, solvent evaporation required a longer waiting time. Therefore, 12 µL of MWCNTs dispersion was cast on the GCE to fabricate the MWCNTs/GCE.
The ratio of BMIMPF 6 to MWCNTs was optimized through observing the peak current of 50 μM of LNS in 0.10 M PBS by CV. The experimental results indicated that the peak currents of LNS remained essentially constant in the range of BMIMPF 6 -MWCNTs ratio of 200/13 to 200/9 µL mg -1 . When more (or less) of the RTIL was employed, the gel for fabricating the modified electrode was not well formed. Hence a BMIMPF 6 -MWCNTs ratio of 200/12 µL mg -1 was chosen as appropriate. Furthermore, the thickness of MWCNTs-RTIL modified layer was controlled by the minimum redox potential difference (∆E p ) and the maximum peak current (I p ) of K 3 [Fe(CN) 6 ] at the modified electrode.
RESULTS AND DISCUSSION
Electrochemical impedance spectroscopy (EIS) of the bare GCE and the modified electrode
Electrochemical impedance spectroscopy can generally provide useful information on the impedance changes of the electrode surface during the fabrication process. 70, 71 By using the Fe(CN) 6 3-/4-redox couple as an electrochemical probe, the Nyquist plots of the different electrodes as shown in Fig. 2 with frequencies ranging from 1 Hz to 100 kHz were obtained. It was found from the curves in Fig. 2 that the interfacial electron transfer resistance was nearly to zero at MWCNTs/GCE, which indicated that the MWCNTs formed high electron conduction pathways between the electrode and the electrolyte. 72 At high frequencies near the origin, MWCNTs-RTIL/GCE represented an obvious smaller semicircle than that of the bare GCE and RTIL/GCE, which is related to good ionic conductivity and the least charge-transfer resistance of MWCNTs-RTIL/ /GCE. At low frequencies, MWCNTs-RTIL/GCE represented a linear tail with a maximal slope among the different electrodes, which indicated that the MWCNTs-RTIL/GCE obviously improved the diffusion of ferricyanide toward the electrode surface, as reported in the literature. 73 
Cyclic voltammetric behavior of lansoprazole
The cyclic voltammetric behavior of MWCNTs-RTIL/GCE, MWCNTs/ /GCE and the bared GCE in 0.10 mM LNS were investigated at a scanning rate of 50 mV s -1 in 0.10 M of PBS over the potential range of 0-1.20 V, as shown by the curves in Fig. 3 . From these curves, it could be seen that a large and well-_______________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ Copyright (C)2014 SCS -defined anodic peak appeared at 1.06 V at the MWCNTs-RTIL/GCE (Fig. 3a) . No corresponding reduction peak was observed in the reverse scan, indicating the irreversibility of the electrochemical oxidation reaction. By comparison MWCNTs/GCE and the bare GCE, it is seen that the LNS oxidation peak potential is hardly shifted, but the peak current increased by almost two times in contrast to that at the MWCNTs/GCE and fifteen times to that at the bare GCE, which indicated that the electrochemical oxidation reaction of LNS could be improved significantly by the MWCNTs-RTIL/GCE, which is based on the synergy of MWCNTs and RTIL. This may be explained as follows: first, the electrochemical oxidation of LNS occurred easily at thermodynamically favorable potentials and the reaction rate increased kinetically at the MWCNTs--RTIL/GCE; secondly, the MWCNTs themselves, with nano-scaled dimensions, have a particular electronic structure, high electrical conductivity and topological defects present on their surfaces, which can be readily and completely used as an electrochemical sensing unit, yielding higher sensitivity, and can bear both basal plane sites and edge plane like sites/defects in their structures, which may have caused the electrocatalytic efficiency during the electro-oxidation process. [74] [75] [76] Finally, MWCNTs are untangled after treatment with RTIL, mainly because of cross-linking of the nanotube bundles mediated by local molecular ordering of the RTIL resulting from "cation-π" interactions between imidazolium and the nanotubes. 47 Thus, the MWCNTs-RTIL gel can act as a promoter to increase the heterogeneous electron transfer rate, and catalyze very well the lansoprazole electrochemical oxidation reaction.
The effects of the experimental conditions on the peak current and potential of the catalytic oxidation
The effect of various media on the peak current and potential of the catalytic oxidation of LNS could be easily observed from CV. The voltammetric behaviors of LNS at scanning rate 50 mV s -1 in different electrolytes, such as aqueous NaCl, CH 3 COONa, NaNO 3 , Na 2 SO 4 and CH 3 COONa-CH 3 COOH, Britton--Robinson buffer solution and Na 2 HPO 4 -NaH 2 PO 4 (PBS), were investigated. The experimental results showed that in 0.10 M aqueous PBS, LNS had a relative well-defined oxidation peak; thus, 0.10 M PBS was chosen as the supporting electrolyte.
The effect of pH on the anodic peak current and the peak potential for 0.10 mM LNS were studied in 0.10 M PBS over the pH range 5.5-10.0 to avoid degradation and the results are shown in Fig. 4 . From Fig. 4 , curve a, it could be seen that the anodic peak potentials shifted linearly in the negative direction up to pH 8.0 (inset plot in Fig. 4 ) with the linear equation being:
E p / mV = -60pH + 1502 (R = 0.9989)
The correlation coefficient was 0.9989. The slope of -60 mV pH -1 is very similar to the theoretical value of 59 mV pH -1 , which indicated that the number of electrons transferred and the number of proton participating in the electrochemical oxidation reaction were the same. 77 and are in accordance with literature data. 28 Fig. 4 , curve b shows that the anodic peak current varies with change in pH values. The peak current reaches its maximum at pH 6.5; thus, pH 6.8 was chosen for the further experiment. The effect of the scan rate in CV experiments with 0.10 mΜ LNS at the MWCNTs-RTIL/GCE is as follows. With increasing potential scanning rate, the peak current increased and the peak potential shifted positively, which implied irreversibility of the electrode reaction processes. The oxidation peak current versus the square root of the scan rate was a straight line as shown in 
The oxidation peak potential (E pa ) shifted in the positive direction with increasing scan rate (ν), and the relationship between E pa / V and ν / V s -1 was in accordance with the following equation:
E pa / mV = 894.5 + 88.88log v (R = 0.9929)
_______________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ Copyright (C)2014 SCS In brief, the electrode reaction process the most probably one-electron and one-proton irreversible electrochemical oxidation reaction, which indicated that the oxidetion occurs mainly on the benzimidazolem, and its metabolites may be 5′-hydroxy-lansoprazole and lansoprazole sulfone. It is likely that the generation of a radical cation from the oxidation of lansoprazole (e.g., by rearrangement, fragmentation or addition of water) occurs before it can be reduced back to neutral, which is in accord with the literature. 28 
Electrochemical kinetics
Diffusion coefficient. The real area of the electrode and the apparent diffusion coefficient of LNS were determined by chronocoulometry (CC): 78
where, Q is the total charge, n is the number of electrons transferred in the electrochemical oxidation reaction, A is the electrode surface area (cm 2 ), c is the concentration of the electro-active species in the solution (M), D is the diffusion coefficient (cm 2 s -1 ) and t is the time (ms). The real area of the MWCNTs--RTIL/GCE was determined to be 0.498 cm 2 from the slopes of Q vs. t 1/2 curves _______________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ Copyright (C)2014 SCS using 5.0 mM Fe(CN) 6 3-as a model compound. As the number of electron transferring of LNS was calculated to be one and the concentration (c) was 0.10 mΜ, the diffusion coefficient (D) could be calculated to be 1.9×10 -2 cm 2 s -1 .
Electrode reaction rate constant, k f . The rate constant (k f ) of the electrode could be determined by chronoamperometry (CA) using the following: 79
where:
For an irreversible electrochemical oxidation reaction, the reduction rate constant, k b , is 0, therefore:
When t approaches zero, a plot of I(t) vs. t 1/2 gives a good straight line. Therefore, k f could be calculated to be 7.20×10 -2 s -1 from the slope and the intercept of the CA curve.
In order to check the electrochemical responses of the MWCNTs-RTIL/ /GCE for LNS, time-steady-state current response curves were determined and the experimental results are shown in Fig. 6 . The current response signals of the MWCNTs-RTIL/GCE are proportional to the LNS concentrations. The response time was less than four seconds and the least response concentration was 0.4 μM. Thus, the electrode could be used for the quantitative electrochemical determination of LNS having both a low detection limit and a high sensitivity.
Application of the electrochemical determination
Differential pulse voltammetric (DPV) behavior of LNS. The DPV behaviors of 0.10 mM LNS at the MWCNTs-RTIL/GCE, MWCNT/GCE and GCE in 0.10 M PBS under the optimized experimental conditions (amplitude, 65 mV, pulse width, 0.05 s, and scanning potential increment, 4 mV) were examined. An irreversible oxidation peak of LNS at the MWCNTs-RTIL/GCE appeared around 0.960 V, and the LNS itself showed a more sensitive DPV response at the MWCNTs-RTIL/GCE in contrast to that at the bare GCE and at the MWCNTs/ /GCE. The degree of increase was in quite good agreement with that of CV.
The peak currents of electrocatalytic oxidation of LNS with variation of its concentration were investigated at the MWCNTs-RTIL/GCE. A linear calibration curve was obtained over the concentration range 5.0 μM-0.20 mM with the linear regression equation:
I pa / μA = 4.641 + 192.3(c / mM) (R = 0.9972)
The limit of detection (LOD) was 0.28 μM according to S/N = 3 (n = 10). Under the optimized experimental conditions, the direct determination of 50 μM LNS in 0.10 M PBS was checked in the presence of some common compounds and ions found in pharmaceutical formulations. The determination results showed that within a relative error of ±5 %, 200-fold of K + , Na + , Cl -, NO 3 -, SO 4 2-and 100-fold of glucose, saccharose did not affect the LNS current response, which suggested that the proposed voltammetric method had excellent selectivity toward LNS.
In order to examine the reproducibility and the stability of the MWCNTs--RTIL/GCE, the determinations were performed ten times using one MWCNTs--RTIL/GCE; a relative standard deviation (RSD) of 1.7 % was obtained. The oxidation peak currents for LNS at six independent MWCNTs-RTIL/GCEs were measured, the current response deviated by only 4.3 %. The proposed modified electrode was stored at ambient temperature over a period of 2 h, then dipped in distilled water or activated in PBS blank solution; the current response of LNS deviated by less than 3.0 %. These experimental results showed the good reproducibility and stability of the modified electrode.
Compared with other reported methods [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] and the reported electrochemical methods [25] [26] [27] [28] [29] [30] (Table I) , it is clear that the fabrication of MWCNTs-RTIL/GCE is simple, easy and reproducible. The procedure for the determination of LNS is rapid, inexpensive and pollution-free and requires neither sample pretreatment nor any time-consuming derivatization reaction or deposition steps. Although the _______________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ Copyright (C)2014 SCS minimum detectability, sensitivity and accuracy of the proposed method may be not as good as those reported in the determination of LNS for complicated samples, it is believed that the reported method. as a simpler, quicker, less time consuming method, could still be an alternative in LNS determination in commercial pharmaceutics preparations. 
Determination of LNS in commercial LNS tablets
In order to ascertain its potential application in the analysis of commercial tablet samples, the proposed method was employed to determine the LNS content in LNS tablets. Ten LNS tablets with a labeled amount of 15 mg per tablet were homogeneously ground into a powder in a mortar. Subsequently, the required amount of the powder was accurately weighed, dissolved in doubly distilled water, transferred quantitatively into a 100 mL volumetric flask and made up to the mark with doubly distilled water. Finally, a known amount of the sample solution was added into 0.10 M pH 6.8 PBS solution and determined by DPV.
The proposed method was successfully applied to the quantitative electrochemical determination of LNS in commercial tablets, evidencing 15 mg LNS per tablet with a relative standard deviations of 1.20-2.91 % based on the average of six replicate measurements. The accuracy was also judged by applying the standard addition method and the mean recoveries were 97.6-100.3 %. The results of these determination implied that there were no significant differences between the proposed method and the reported conventional methods with respect to reproducibility, accuracy, and precision. In other words, the proposed method is convenient and efficient for the determination of LNS with the advantages of simplicity, sensitivity and rapidity.
CONCLUSIONS
The electrochemical behavior, electrochemical kinetics and the quantitative electrochemical determination of LNS were investigated for the first time by several electrochemical methods based on the application of a MWCNTs-RTIL/ /GCE. A well-defined irreversible electrocatalytic oxidation peak was obtained. The electrocatalytic oxidation reaction of LNS at a MWCNTs-RTIL/GCE is a _______________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ Copyright (C)2014 SCS diffusion-controlled electrode reaction process involving the transfer of one electron accompanied by the participation of one proton. Additionally, the electrochemical kinetic parameters were determined. From the obtained results, an accurate and precise method was proposed, which could be an alternative method for the quantitative electrochemical determination of LNS in commercial pharmaceutical formulations.
Acknowledgements. This work was financially supported by the Natural Science Foundation of Ningxia, China (NZ1147), and the Scientific Research Fund of Heilongjiang Provincial Education Department, China (12511347). Електрохемијско понашање лансопразола је испитивано на електроди од стакластог угљеника (GCE) и на истој електроди модификованој гелом који је садржао вишеслојне угљеничне нано-цеви (MWCNTs) у ниско-температурној јонској течности (RTIL) 1-бу-тил-3-метилимидазолијум-хексафлуорофосфат (BMIMPF 6 ). Испитивања су вршена у 0,10 М фосфатном пуферу pH 6,8. Утврђено је да се на електроди MWCNTs-RTIL/GCE појављује иреверзибилни анодни струјни максимум на потенцијалу 1,060 V ЗКЕ . При-меном методе диференцијалне пулсне волтаметрије, под оптимизованим експеримен-талним условима добијена је линеарна калибрациона крива у опсегу концентрација од 5,0 μM дo 0,20 mM са границом детекције (LOD, S/N = 3) од 0,28 μM. Осим тога, електрода MWCNTs-RTIL/GCE је карактерисана спектроскопијом електрохемијске импеданције. Предложена метода је успешно примењена за квантитативно електро-хемијско одређивање садржаја лансопразола у комерцијалним таблетама.
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